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Background: Previous studies suggest that dietary protein might play a beneficial role in combating obesity and its
related chronic diseases. Total, animal and plant protein intakes and their associations with anthropometry and
serum biomarkers in European adolescents using one standardised methodology across European countries are not
well documented.
Objectives: To evaluate total, animal and plant protein intakes in European adolescents stratified by gender and
age, and to investigate their associations with cardio-metabolic indicators (anthropometry and biomarkers).
Methods: The current analysis included 1804 randomly selected adolescents participating in the HELENA study
(conducted in 2006–2007) aged 12.5-17.5 y (47% males) who completed two non-consecutive computerised 24-h
dietary recalls. Associations between animal and plant protein intakes, and anthropometry and serum biomarkers
were examined with General linear Model multivariate analysis.
Results: Average total protein intake exceeded the recommendations of World Health Organization and European
Food Safety Authority. Mean total protein intake was 96 g/d (59% derived from animal protein). Total, animal and
plant protein intakes (g/d) were significantly lower in females than in males and total and plant protein intakes
were lower in younger participants (12.5-14.9 y). Protein intake was significantly lower in underweight subjects and
higher in obese ones; the direction of the relationship was reversed after adjustments for body weight (g/(kg.d)).
The inverse association of plant protein intakes was stronger with BMI z-score and body fat percentage (BF%)
compared to animal protein intakes. Additionally, BMI and BF% were positively associated with energy percentage of
animal protein.
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Conclusions: This sample of European adolescents appeared to have adequate total protein intake. Our findings
suggest that plant protein intakes may play a role in preventing obesity among European adolescents. Further
longitudinal studies are needed to investigate the potential beneficial effects observed in this study in the prevention
of obesity and related chronic diseases.
Keywords: Protein intake, Adolescence, Body composition, Biomarkers, HELENA studyIntroduction
The prevalence of overweight (OW) and obesity (OB) in
adolescents, defined on the basis of body mass [1], has
increased rapidly worldwide. In 2010, the estimated preva-
lence of OW and OB in European children and adoles-
cents was approximately 38%, including 10% OB [2]. As a
consequence of OB-related co-morbidities, over 20000
children suffer from type 2 diabetes and more than
400000 have impaired glucose levels [2]. Childhood OW
and OB both influence long-term health and evidence
suggest an association with coronary events and mortality
later in life [3,4].
Nutrition during the early years of life is a critical factor
of OB in adolescence further impacting on adulthood OW
and OB, and the consequences of chronic diseases [5,6].
High protein intakes were reported to improve cardiovas-
cular risk factors including abdominal OB, dyslipidemia,
glucose intolerance, and hypertension in European chil-
dren (5–18 y) [7]. Previous randomised trials [8,9] suggest
that a high-protein diet defined as ≥20% of total energy
lowers the risk of OW and promotes weight maintenance
among adolescents [10]. The association between dietary
protein intake and adolescent OW and OB has mainly
been investigated in relation to its increased thermic effect
and satiety when compared to fats and carbohydrates
[9,11]. Others, however, have reported that higher protein
content in the diet did not confer any benefit in the treat-
ment of OB among children 9–18 y old [12].
The debate on protein sources is still ongoing, address-
ing the nutritional quality of dietary proteins based on
their amino acids composition. The protein quality or
biological value of proteins from animal sources is high,
whereas most plant proteins lack one or more essential
amino acids and are therefore considered as incomplete
proteins. What some seem to be concerned with is that
the majority of high-protein foods are significant sources
of fat and/or sugar as well (such as meat and meat prod-
ucts, cheese, and dairy desserts), and should therefore be
carefully selected. Hermanussen et al. reported a positive
correlation between the energy contribution of animal
proteins to the diet and the body mass index (BMI) in
adolescents [13]. On the other hand, Bradlee et al. found
no association between OB and meat consumption among
adolescents [14], while, plant-based diets were inversely
associated with normal BMI in children in Hermanussen’sstudy [13]. A Western dietary pattern high in animal
sources is associated with an increased risk of metabolic
syndrome (MetS) [15,16], whereas diets high in fruits, veg-
etables and whole grains are associated with a decreased
risk [17]. Evidence showed that plant protein, soy in par-
ticular, can bind phytoestrogen compounds to stimulate
lipid metabolism resulting in a better blood profile, by
lowering total cholesterol (TC), triglyceride (TG), low-
density lipoprotein-cholesterol (LDL-C) and reducing
insulin resistance [18,19].
The aim of the current study was to evaluate total, ani-
mal and plant protein intakes in European adolescents
and to investigate their association with cardio-metabolic
indicators (anthropometry: BMI z-score and body fat
percentage (BF%); and biomarkers: TC, TG, LDL-C, very
LDL-C (VLDL-C), high-density lipoprotein cholesterol
(HDL-C), C-reactive protein (CRP), glucose, insulin
and leptin).
Methods
Survey population
The Healthy Lifestyle in Europe by Nutrition in
Adolescence-Cross Sectional Study (HELENA-CSS) is a
European Commission funded project on lifestyle and
nutrition among adolescents from 10 cities of European
countries: Stockholm, Athens, Heraklion, Rome, Zaragoza,
Ghent, Lille, Dortmund,Vienna, and Pecs that ran between
October 2006 and December 2007. Due to logistical rea-
sons, adolescents from Heraklion and Pecs were excluded
for the dietary intake assessments. A multi-stage random
cluster sampling procedure was used to select 3528 ado-
lescents, stratified by geographical location, age and socio-
economic status (SES). Schools were randomly selected
after stratification to guarantee diversity of the sample in
culture and SES.
Male and female adolescents, aged 12.5-17.5 y, not
participating simultaneously in a clinical trial, free of any
acute infection lasting less than 1 week before inclusion
year, and who provided two 24-h recall interviews with
valid information and complete anthropometric measure-
ments, were included in the final analysis of the current
study. Details on sampling procedures, study design and
non-respondents have been reported elsewhere [20,21].
The study was approved by the Research Ethics Com-
mittees of each city involved. Written informed consent
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adolescents themselves [22].
Dietary intake assessment
Two non-consecutive computerised 24-h dietary recalls
(HELENA-DIAT), instructed by dieticians/researchers,
were used to collect food consumption data. During in-
terviews, adolescents were allowed to ask questions and
following completion the recall was checked for com-
pleteness. Each participant was asked to complete the
recall twice in a time-span of 2 weeks during the school
time.
HELENA-DIAT is a self-administered computer pro-
gram based on the Young Adolescents’ Nutrition Assess-
ment on Computer (YANA-C) [23], consisting of a single
computerised 24-h recall with a structured program based
on six meal occasions. The validated YANA-C [23], was
designed to obtain a detailed description and quantifica-
tion of foods consumed, and eventually included about
800 food items hierarchically organized in 25 food groups,
and about 300 colored photograph sets of foods in differ-
ent portions [24,25].
Dietary intakes were linked to the German Food Code
and Nutrient DataBase (BLS (Bundeslebensmittelschlüssel),
version II.3.1, 2011) [26]. However, the estimated per-
centage of animal and plant protein intakes were calcu-
lated by linking the 24-h recall food consumption data to
the Belgian NUBEL [27], the Dutch NEVO [28] and the
USDA [29] food composition databases which used the
Kjeldahl method for analysing protein [30], because no
differentiation was made between plant and animal pro-
teins in the BLS database. Protein intakes were calculated
in absolute terms (g/d) and relative terms (energy percent-
ages (E%); per kg body weight).
Under-reporters, excluded in the current study, were
considered as individuals with a ratio of energy intake
over estimated basal metabolic rate lower than 0.96 [31].
Anthropometric measurements
Weight (kg) and height (m) were measured in underwear
and barefoot to the nearest 0.1 kg and 0.1 cm, respectively,
by trained researchers. BMI was calculated as weight (kg)/
height (m2). Participants were classified into four BMI cat-
egories according to the International Obesity Task Force
(IOTF) cut-offs for adolescents [1]: equivalent to under-
weight (UW) (<18.5 kg/m2), normal weight (NW) (18.5-
24.9 kg/m2), OW (25.0-29.9 kg/m2), and OB (≥30.0
kg/m2). Standard deviation score of BMI (BMI z-score)
was calculated using the lmsGrowth method [32]. The
cut-off of BMI z-score [33]: UW (<−2), NW (−2 -1), OW
(>1) and OB (>2). Skinfold thickness was measured to the
nearest 0.2 mm in triplicate [34]. The same trained in-
vestigators made all measurements (inter-rater reliabil-
ity >95 %). BF% was calculated using Slaughter’s equations[35]. More details about the anthropometric measure-
ments are given in a previous manuscript [34]. Physical
maturations were examined by a physician during a med-
ical examination to determine the pubertal status based
on Tanner stages [36]. The final physical maturations were
classified into three categories: pre-pubertal (stage 1);
pubertal (stage 2 to 4) and post-pubertal (stage 5).
Blood samples
Blood samples were collected in a randomly selected
subsample of the total HELENA-CSS. Adolescents who
agreed to be involved in the blood sampling were asked
to fast after 8 pm on the previous day. Fasting blood
samples, information of adolescents’ medical history and
recent acute diseases were collected by venipuncture
between 8–10 a.m. at schools or hospitals by a medical
doctor, A blood sampling questionnaire was completed
by the participants for the purposes of assessing fasting
status, acute infection, allergies, smoking, vitamin and
mineral supplements, and medication. A specific hand-
ling, transport and traceability system for biological sam-
ples was developed for the HELENA study. All samples
were analyzed centrally. The blood sampling procedure
has been described elsewhere [37].
Physical activity
Physical activity (PA) was assessed for 7 days by an uni-
axial accelerometer (Actigraph GT1M), described previ-
ously [38]. At least 3 days of recording with a minimum
of 8 hours’ registration per day was set as an inclusion
criterion. PA, used in the current study, was categorized
in the following categories: at least 1 hour of PA per day,
no PA or less than 1 hour of PA per day.
Statistical analysis
Descriptive data is presented as means with standard devi-
ation or frequency distributions. Energy and total, animal
and plant protein intakes were corrected for within-
person variation using the Multiple Source Method
(MSM), which is suitable for estimating population’s usual
intakes [39]. Statistical differences for total energy and
total, animal and plant protein intakes between subgroups
(gender and age) were assessed using the Student T-test
and ANOVA.
GLM multivariate analysis was used to investigate
the associations of indicators (dependent variables) with
animal and plant protein intakes, and animal (E%) and
plant (E%) energy percentages (independent variables)
through three models (stepwise approach): (1) model 1 =
unadjusted model; (2) model 2 =model 1 + adjusted for
fat intake; (3) model 3 =model 2 + further adjusted for
PA, confounding factors and interactions, and controlling
for the country clustering effect. Potential confounding
factors including age (younger group (12.5-14.9 y) and
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puberty, puberty and post-puberty) and two-way inter-
actions between potential confounding factors and
independent variables were included in the model 3.
Anthropometry and serum biomarkers were investi-
gated separately. In addition, animal and plant protein
intakes, and the energy percentage (E%) from animal
and plant protein were examined in a separate model
due to colinearity.
All statistical analysis were performed using the statis-
tical software SPSS for Windows version 18 (SPSS Inc,
Chicago, IL, USA). Results were considered statistically
significant at α two-tailed level of 0.05.Results
A total of 1804 out of 3528 adolescents (47% males)
from 8 centres with valid and complete dietary data
and measurements of weight and height were included
in the analysis (Table 1). 74% participants were classi-
fied in tanner stage 2–4, including 7% in tanner 2, 24%
in tanner 3 and 41% in tanner 4. In total 279 adoles-
cents were classified as OW and OB. Mean BMI z-
score for both genders was in the NW range. Females
had higher BF %, but lower BMI z-score compared to
males. Furthermore, higher serum lipid profiles and
leptin levels were found in females.Total energy and total, animal and plant protein intakes
Median total protein contributing to energy intake was
15.5%. Average total protein intakes exceeded the World
Health Organization (WHO) recommendations (10.0 –
15.0% of the total energy intake) [40] and the estimated
average requirements (EAR) and population reference
intake (PRI) of the European Food Safety Authority
(EFSA) (EAR: 0.66 g/(kg.d) for both genders; PRI: males,
0.70-0.74 (g/(kg.d), and females, 0.67-0.72 g/(kg.d)) [41]
(Table 2). All but one adolescent met the EAR, while,
fourteen and two adolescents did not reach the WHO
recommendations for protein intakes and the PRI,
respectively.
Mean total protein intake (384 kcal/d) contributed
15.8% to total energy intake. Mean animal protein
intakes were the main contributor (59%) to total protein
intakes, as opposed to mean plant protein (Table 3).
Total and plant protein intakes were significantly lower
in females and the younger group. Body weight adjusted
total protein intakes and E% from total protein were
significantly lower in the older group. Total energy, total
and animal protein intakes and total protein (E%) were
higher in obese adolescents than non-obese ones. More
specifically, body weight adjusted total protein intake
(g/(kg.d)) was significantly lower in OB, and higher in
UW peers.Associations between total, animal and plant protein
intakes and cardio-metabolic indicators
Figure 1 shows a significant decline in BF% across the
total protein tertiles (P < 0.001) by age. But no signifi-
cance was observed in males and females. The results of
the GLM multivariate analysis showed that crude BF%
was inversely associated with absolute animal and plant
protein in model 1, but crude BMI z-score and BF%
were positively associated with animal protein (E%)
(Table 4). Absolute animal protein intake was inversely
associated with crude serum biomarkers including TC,
TG, VLDL-C and leptin, but positively with serum
fasting glucose. While absolute plant protein intake was
inversely associated with crude TC, HDL-C, and leptin,
but positively with serum fasting glucose. After adjust-
ments for fat intake (Model 2), BMI z-score became
positively associated with absolute animal protein intake,
but several significant associations found in model 1
disappeared. Leptin kept to be inversely associated with
absolute animal protein intake in model 2, and BF%, TC
and HDL-C with absolute plant protein intake. Only
serum HDL-C became positively associated with abso-
lute animal protein intake, after further adjusting for
confounding factors, PA and interaction factors (Model
3). Inverse associations were observed between BMI z-
scores and BF%, and absolute plant protein intake.
Whereas both BMI z-scores and BF% were positively
associated with animal protein (E%). No biomarker was
associated with percentage of energy intake derived from
animal and plant protein (data not shown).
Discussion
The HELENA study is the first large-scale European
adolescent population-based dietary survey of 8 European
countries providing data on the nutritional intake, status,
main determinants of food choices and preferences among
European adolescents. The current study is the first to
provide information on intakes of total, animal and plant
proteins and their associations with OB and cardio-
metabolic indicators.
Total energy and total, animal and plant protein intakes
The contribution of protein to energy intake in our
study was similar to that reported in Greek and Italian
adolescents, lower than that of Spanish peers (male:
17.2%, female: 17.8%) [42], but higher than adolescents in
review studies of Western, Central and Eastern European
countries [43-45]. In addition, total protein intake was
reported to be slightly lower in Italian peers (male:
99 g/d, female: 82 g/d) [46], Spanish males (male:
105 g/d, female: 86 g/d) [42], and Western European
adolescents [43,45]. The adolescents in this study had
much higher animal and plant protein intakes than
those of Belgian peers (male: 52 g/d, female: 37 g/d;
Table 2 Percentile of total protein intakes and the number of the subjects below the recommendations of European
food safety authority in the European adolescents
Characteristics N Total protein (g/d) Total protein (g/(kg.d)) The number of subjects below the recommendations
25% 50% 75% 25% 50% 75% EARμ PRIμ
Total 1804 76 91 109 1.3 1.6 2.0 1 2
Gender
Males 855 90 106 127 1.5 1.8 2.3 0 0
Females 949 68 80 94 1.2 1.5 1.8 1 2
Age
12.5-14.9 y 1032 74 90 108 1.4 1.7 2.1 1 1
15.0-17.5 y 772 77 94 112 1.3 1.6 1.9 0 1
EAR: estimated average requirement; PRI: population reference intake.
μEAR: 0.66 g/(kg.d) for both genders; PRI : males, 0.70-0.74 g/(kg.d) and females, 0.67-0.72 g/(kg.d).
Table 1 Anthropometric characteristics and levels of obesity-related biomarkers in adolescents participating in the
HELENA-CSS
Total Males Females
Total participants (n) 1804 855 949
Age (y) (mean (range)) 14.7 (12.5-17.4) 14.8 (12.5-17.4) 14.7 (12.5-17.4)
12.5-14.9 y (n) 1032 481 551
15.0-17.5 y (n) 772 374 398
Tanner Stage (n = 1752) n (%)
Tanner 1 9 (0.514) 9 (1.1) 0 (0.0)
Tanner 2-4 1294 (73.9) 614 (74.2) 680 (73.5)
Tanner 5 449 (25.6) 204 (24.7) 245 (26.5)
Weight status (n = 1804)μ
Underweight 142 (7.9) 58 (6.8) 84 (8.9)
Normal weight 1383 (76.7) 649 (75.9) 734 (77.3)
Overweight 222 (12.3) 114 (13.3) 108 (11.4)
Obesity 57 (3.2) 34 (4.0) 23 (2.4)
Mean (SD)
Anthropometry
BMI z-score (n = 1804) 0.270 (1.1) 0.358 (1.1) 0.190 (1.0)
BF% (n = 1764) 22.0 (8.6) 18.4 (9.1) 25.1 (6.8)
Biomarkers
TC (mg/dL) (n = 552) 159.1 (27) 151.9 (24.9) 165.8 (27.1)
TG (mg/dL) (n = 552) 67.6 (31.1) 64.5 (31.5) 70.5 (30.5)
LDL-C (mg/dL) (n = 552) 92.6 (24.2) 89.0 (23.2) 96.0 (24.7)
VLDL-C (mg/dL) (n = 552) 13.5 (6.2) 12.9 (6.3) 14.1 (6.1)
HDL-C (mg/dL) (n = 552) 55.6 (10.3) 53.3 (9.3) 57.8 (10.7)
CRP (mg/L) (n = 524) 1.2 (4.0) 1.5 (5.5) 0.841 (1.3)
Glucose (mg/dL) (n = 552) 90.1 (7.0) 91.9 (7.2) 88.5 (6.4)
Insulin (μlU/mL) (n = 545) 9.5 (6.0) 9.0 (6.6) 10.0 (6.6)
Leptin (ng/mL) (n = 518) 18.5 (21.9) 8.1 (12.9) 27.5 (24.1)
SD, standard deviation; BMI, body mass index; BF%, body fat percentage; TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein- cholesterol; VLDL-C,
very low-density lipoprotein- cholesterol; HDL-C, high-density lipoprotein- cholesterol; CRP, c-reactive protein.
μBMI categories is classified based on the International Obesity Task Force cut-offs, underweight: <18.5 kg/m2, normal weight: 18.5-24.9 kg/m2, overweight:
25.0-29.9 kg/m2, obesity: ≥30.0 kg/m2.
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Table 3 Estimated means of energy, total, animal and plant protein intakes, and energy percentage of protein intakes
of adolescents participating in the in HELENA-CSS stratified by gender, age, tanner and BMI category
Characteristics N Energy (kcal/d) Total protein
(g/d)
Total protein
(g/(kg.d))
Animal protein
(g/d)
Plant protein
(g/d)
Total
protein
Plant
protein
% energy contributing
to total energy intake
Mean intake (SD)
Total 1804 2450 (637) 96 (28) 1.7 (0.6) 58 (23) 38 (13) 15.8 (2.8) 6.2 (1.3)
Gender
Males 855 2792 (655) 110 (29) 1.9 (0.6) 66 (24) 43 (13) 15.9 (3.0) 6.2 (1.3)
Females 949 2141 (428)* 83 (20)* 1.6 (0.5)* 50 (18)* 33 (10)* 15.6 (2.7) 6.3 (1.3)
Age
12.5-14.9 y 1032 2358 (637) 94 (28) 1.8 (0.6) 57 (22) 37 (12) 16.1 (2.9) 6.2 (1.4)
15.0-17.5 y 772 2752 (713)** 98 (29)** 1.6 (0.5)** 58 (23) 39 (12)** 15.4 (2.8)** 6.2 (1.2)
Weight status
Underweight 142 2443 (631) 94 (28) 2.2 (0.7) 56 (21) 39 (12) 15.5 (2.7) 6.3 (1.2)
Normal weight 1383 2458 (635) 96 (28)a 1.8 (0.6)a 58 (22) 38 (13) 15.7 (2.8) 6.2 (1.3)
Overweight 222 2397 (636) 96 (29)ab 1.4 (0.4)ab 59 (24) 37 (11) 16.2 (3.0)b 6.2 (1.3)
Obesity 57 2476 (701) 102 (33)abc 1.2 (0.4)ab 63 (27) 38 (12) 16.5 (3.1)b 6.2 (1.2)
SD, standard deviation.
*Mean value was significantly different between males and females by Student T- test (P < 0.05).
**Mean value was significantly different from the young group (12.5-14.9 y) by Student T- test (P < 0.05).
aMean value was significantly different from underweight by ANOVA, (P < 0.05, Bonferroni correction.
bMean value was significantly different from normal weight by ANOVA, (P < 0.05, Bonferroni correction).
cMean value was significantly different from overweight by ANOVA, (P < 0.05, Bonferroni correction).
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higher plant protein intake (male: 30 g/d, female: 25
g/d), but lower animal protein intake than Spanish
peers (male: 74 g/d, female: 60 g/d).
Associations between total, animal and plant protein
intakes and cardio-metabolic indicators
Obese HELENA participants consumed more total pro-
tein than non-obese participants. Evidence from other
European studies indicate higher contribution of animal
sources [44,47] to total protein and lower from plant pro-
tein consumptions [45], which might point to a relation-
ship between increasing prevalence of OB in European
adolescents. Our results suggest that increasing total pro-
tein intakes may be inversely associated with adolescents’
BF%, which can be explained by plant protein intakes be-
ing significantly inversely associated with BMI z-score and
BF%, after adjustment for fat intake, PA and confounding
factors. Consistent with our findings, observed benefits of
increasing total and plant protein intakes on body com-
position [14,48] could be attributed to the protein effect
on increasing stimulated fat oxidation and building of lean
body mass [49]. Conversely, the results of a previous ran-
domized trial on obese adolescents (11–16 y) demon-
strated that increasing protein consumption conferred no
benefit on weight loss and body composition in the treat-
ment of adolescent OB [12]. The different study design
and target population might partly explain differencesobserved. Remarkably, the level of serum leptin was found
to be extremely low among males in our study. High levels
of leptin can easily be observed in female adolescents,
because leptin was reported to play a critical role in the
regulation of puberty, especially in females [50]. Serum
leptin is proven to be related to BF% [51], and this might
partly explain our finding on why females kept high BF%
when increasing total protein intake, whereas BF% in
males decreased gradually.
Evidence shows that plant protein from vegetables,
fruits, and legumes not only improves body composition,
but also results in lower body weight compared to ani-
mal protein [13,52]. In our study, although animal pro-
tein intake was found to be weakly inversely associated
with BF%, animal protein (E%) was observed to be posi-
tively associated with BF%. Previous studies concluded
that total and animal protein intakes might be respon-
sible for increasing body weight and BMI in adolescents
[12,13]. Mirkopoulou et al. suggested that extremely
high protein intakes, animal protein in particular, might
increase the risk of adolescents’ OB due to higher energy
consumption [53]. Furthermore, the results of a longitu-
dinal study suggested that a high animal protein intake
in mid-childhood might be associated with an earlier pu-
bertal growth and spurt peak height velocity, whereas a
higher plant protein intake could delay puberty [54]. On
the contrary, some studies disagreed the above hypoth-
esis of increased intake of total and animal protein
Figure 1 Tertiles μ of total protein intake (g/d) and anthropometric indicators in adolescents participating in HELENA-CSS (n = 1804).
μTertile 1 (T1): <81 g/d; tertile 2 (T2): 81 g/d to 103 g/d; tertile 3 (T3): ≥103 g/d.
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by affecting the appetite. A randomized 8-weeks parallel
intervention trial suggested that seafood protein sources
from cod and salmon were efficient to treat OB because
of caloric restriction and lower saturated fatty acids
intake [55]. Therefore, the amount of total, animal and
plant proteins in the diet may be a critical factor on
prevention against OW and OB.
Evidence also shows that increasing protein intake re-
sults in improvement of serum lipids [57]. Plant protein
based diets in childhood could be responsible for lower-
ing the risk of MetS and its consequence in the adult-
hood [58]. In the current study, only serum HDL-C was
found to be weakly positively associated with animal
protein intake. The increases in HDL-C might possibly
be explained by the inverse association of animal protein
intake with BF%. Mirkopoulou et al. reported that no as-
sociation with blood lipid profile was observed in Greek
adolescents [53], supporting most of our results, as simi-
larities in the study design and target population might
explain similarities in observations. Some cross-sectional
studies showed that plant based diets were associatedwith more favourable lipid levels in adolescents by lower-
ing TC and LDL-C, but increasing the HDL-C levels
[17,59], whereas high intakes derived from animal sources
were associated with an increased risk of MetS [15]. How-
ever, it has to be considered that adolescence is a critical
period with inevitable increases in energy and nutrient in-
takes to regulate hormone balances resulting in physical,
behaviour and social development. Leptin is a protein hor-
mone that has a key role in regulating energy intake and
energy expenditure, including appetite in the longer term
[60,61]. In the current study, no significance of serum lep-
tin was found in model 3, but it was negatively associated
with animal and plant protein intakes in model 1 and
model 2, respectively. The status of statistical significance
between serum leptin and plant protein intake changed in
the model 2 compared to model 1 due to fat intake. In
addition, fat intake can be a critical factor for the serum
lipid profile and plant protein intake. No study has pro-
vided evidence on clear mechanisms, though it is possible
that plant protein intake might stimulate serum leptin via
homeostasis impacting on body weight and BF%. In
addition, female, OW and obese adolescents in particular,
Table 4 Associations between dietary animal and plant protein intakes (g/d and E%) and body composition of adolescents
participating in the HELENA-CSS (n = 1804)
Dependent
variablesμ
Animal protein (g/d) Plant protein (g/d)
β SE 95% CI P β SE 95% CI P
BMI z-score
Model 1 0.001 0.001 −0.001, 0.004 0.206 −0.002 0.002 −0.006, 0.002 0.414
Model 2 0.003 0.001 0.000, 0.006 0.023 0.000 0.002 −0.005, 0.004 0.847
Model 3 −0.000002 0.000001 −0.000007, 0.000 0.421 −0.012 0.005 −0.023, −0.001 0.027
Body fat (%)
Model 1 −0.054 0.009 −0.071, −0.036 <0.001 −0.162 0.016 −0.194, −0.131 <0.001
Model 2 −0.009 0.010 −0.030, 0.011 0.386 −0.106 0.019 −0.144, −0.069 <0.001
Model 3 −0.000052 0.000018 −0.000087, − 0.000016 0.004 −0.139 0.040 −0.217, −0.060 0.001
Animal protein (E%) Plant protein (E%)
BMI z-score
Model 1 0.021 0.008 0.005, 0.038 0.011 0.012 0.019 −0.026, 0.050 0.533
Model 2 0.021 0.008 0.005, 0.037 0.011 0.008 0.020 −0.031, 0.046 0.692
Model 3 0.024 0.009 0.006, 0.043 0.010 −0.027 0.021 −0.067, 0.013 0.188
Body fat (%)
Model 1 0.209 0.067 0.077, 0.341 0.002 0.124 0.156 −0.181, 0.429 0.426
Model 2 0.196 0.065 0.068, 0.325 0.003 −0.179 0.154 −0.482, 0.123 0.245
Model 3 0.168 0.070 0.030, 0.305 0.017 −0.229 0.151 −0.526, 0.068 0.130
SE, standard error of coefficient β; CI, confidence interval.
μModel 1, unadjusted; model 2, adjusted for fat intake; model 3, model 2 further adjusted for age, sex, tanner stage, physical activity, country cluster, and interactions
between potential confounding factors and animal / plant protein (separate model).
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and dietary intakes, which may bias the associations.
Confounding factors, such as gender, age, Tanner stage
and region, may account for some unexpected findings,
serum biomarkers in particular.
Strengths and limitations
This European nutrition survey is the first large-scale
study among European adolescents that used a standard-
ized approach accross 8 participating centers. Addition-
ally, it is the first study evaluating total, animal and plant
protein intakes in European adolescents stratified by
gender and age, and investigating associations with an-
thropometry and serum biomarkers as studies with the
same standardised methodology across European coun-
tries are limited.
The current study has also some limitations including
the dietary assessment method used to assess diet that
only included dietary information of two non-consecutive
days. The 24-h dietary recall method does not allow quan-
tifying proportions of non-consumers for particular food
items, especially for those less frequently consumed. In
order to decrease the influence of such limitation, nutrient
intakes were corrected for within- person variability by ap-
plying the MSM method. Moreover, accuracy of collected
data relies on the individual’s ability to remember foods
and beverages consumed in the past 24 hours, and might,therefore, be biased towards misreporting. In this respect,
the 24-h dietary recalls were performed through
computer-assisted HELENA-DIAT software to standardize
the recall procedures as much as possible. Food pictures,
showing daily foods consumed by European adolescents,
were used in order to facilitate the participants to recall
the potion size of the foods consumed in the previous
days, which assisted participants and interviewers in ac-
curately assessing the consumed amounts. The same food
composition table for conversion of food intake data to
estimated nutrient intakes was used for all survey centres.
In this way, differences in definitions, analytical methods,
units and modes of expression were overcome. However,
missing foods of protein contents in the BLS table were
calculated via recipes or taken from local food compos-
ition tables. In addition, the small sample size of serum
biomarkers may also be a potential influencing factor lead-
ing to weak linear relationship between animal and plant
protein intakes and serum biomarkers. Furthermore, the
cross-sectional study design of this study cannot assess
causality between health outcomes and dietary intakes.
Recommendations
Protein is critical for the development of bone and muscle
mass, and health in adolescents. An increased protein
intake is one of the most common approaches to the
dietary management of OB and related chronic diseases.
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http://www.nutritionj.com/content/14/1/10However, extra high protein intake can result in side-
effects due to imbalance in energy intake and food con-
sumption. The findings of current study indicate that
plant protein had more protective effect against OB com-
pared to animal protein, although HDL-C was found to be
weakly positively associated with absolute animal protein
intake. We noticed that participants exceeded protein in-
take based on WHO requirement, and almost 2/3 sources
were from animal origin rather than from plants, which
may influence body weight and body composition. The
findings of our study highlight that future public health
policies and school policies need to be developed and im-
plemented to help establishing healthy food preferences,
and adjusting food concepts and dietary behaviors in ado-
lescents. Possible prevention strategies could include the
development of multicomponent school-based interven-
tions combining education and environmental changes
towards increased intakes of plant proteins from legumes
and vegetables.Conclusion
The total protein intake of European adolescents exceeded
the recommendations and animal proteins contribute
most to the energy intake derived from total protein in-
take. Total and animal protein intake and E% derived from
protein intake were higher in obese subjects. A negative
association of total protein intake was found with BF%.
GLM multivariate analysis indicates inverse associations,
on one hand, between BMI z-score and plant protein
intake, and on the other hand between BF% and animal
and plant protein intakes. Both BMI z-score and BF% were
positively associated with animal protein (E%). In conclu-
sion our findings suggest that plant protein intakes may
play a role in preventing OB among European adolescents.
Further longitudinal studies should be conducted to inves-
tigate these potential beneficial effects of plant protein
intakes in the prevention of OB and related chronic
diseases.
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